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) FOREWORD
Previous studies by the U.S. Army Natick Laboratories have indicated that
the use of controlled atmosphere could improve the quality, reduce spoilage and
increase the storage life of lettuce end tomatoes intended for use by military

organizations oversess. Because of these encouraging resulis, it was declded
to conduct laboratory studies on the effects of a low-oxygen atmosphere on celery.

This work was performed under Production Engineering 2270.3. Mr. Harold
Gorfien was the Official Investigator.

The author's wish to acknowledge the assistance of the Transfresh Corpora-
tion, Salinas, California in providing the test TECTROL* Controlled Atmosphere
}{ > chests. Assistance of L. Klarman 1s acknowledged for writing programs for
i computer calculations of data.
g

¥ TECTROL is a registered trademark of Whirlpool Corporation

111

b
e
W

N
1l
o
o

ey g <
R s A




List of Tahles

Lis%t of Filgares
Abstract

Introduction

Previous related studles
Metheds and materials
Eesults

Discussion

References

TABLE OF CONTERTS

iv

\.nwl—'l-'ﬂ

13
16




s ot e et e A e o e s
e

A BN Lt S

LIST OF TABLES
Table
1 Key to Coding Four Celery Crops and their Storage Pe‘r:].bds
2 Effect of Low-Oxygen and Air (Control) Storage on Celery
Fdible Yield
3 Post Harvest Quality of Celery Crop A
b Post Harvest Quality of Celery Crop B
5 Post Harvest Quality of Celery Crop C
6 Post Harvest Quality of Celery Crop D
T Cost Analysis Estimate
LIST OF FIGURES
Figure
h Moisture Loss Comparison of Celery Held in Low-Oxygen
Controlled Atmosphere and in Air
2 Color Comparison of Celery Held in Low-Oxygen Controlled

Atnosphere and in Alr

Page

10

15

Page

¥4

2




ABSTRACT

Laboratory tests were conducted to determine the effect of controlled atmos~
phere on celery. Storage periods were 3 to 8 weeka. The data indicates that
the use of controlled atmosphere results in celery which is greener in color,
more turgid and of more intense celery flavor.

Significant reductions in spoilage of the soft rot type were found in
celery which had been initially stored in ccntrolled atmosphere. However,
gpcilage Aata were limit:d to 3 crops of celery only and must ba viewed
with caution. The fourth ci.lP oo represented by celery hearts, exhibited
the least amount of spoilage. The data in this report also show Jhat wrapped
celery lost less moisture than unwrapped celery. The break-even point tc defray
the additional coat of a commercially available controlled atmosphere method of
shipping 1s estimated to be in the range of 2.5% to 4.T$ improvement in celery
yield.

It is concluded that sufficient laboratory data. and informatlon in the
technical literature, is available to warrant a series of field tests on celery
and other fresh fruits and vegetables shipped in commercial controlled atmosphere
containers to military organizations overseas.
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CONTROLLED ATMOSPHERE SYSTEM LABORATORY STUDIES ON CELERY

Introduction

Providing good quality frosh fruits and vegetables in sufficient quantity
to meet the requirements of miliitary personnel is a concern of the Armed Forces.
Overseas chipment and storage periods are much longer than those for normal
distribution to eivilian markets within the Continental United States (CONUS).
As a result, reductions in quality und increased spoilage are exhibited by
perishabie vroducts prior to arrival and corsumption overseas.

For the 12-month period from July 1969 to June 1970, Defense Personnel
Support Center vurchased 34,295,934 pounds of celery in the United Stetes.

The purchase price and the added cost of warehuusing, handling and shipping
both CONUS and overseas amounts to a substantial sum of money.

Previous laboratory and field test studics by RLABS have shown that there
were advantages in using the TECTROL controlled atmosphere system for shipping
lettuce overseas. Following this evidence, additional tests on lettuce were
conducted with the Oxytrol controlled atmosphere system. This teat series con-
firmed the previous findings as to the advantages of controlled atmosphere in
the overseas shipment of lettucc. Advantages were also found by NLABS in
bulding tomatoes in a lov-oxygen atmosphiere (which is carbon dioxide free).

It wvas decided therefore, to explore the feasibility of using controlled atmos-
phere as a means of extending the shelf-life of celery.

Previous related studies

Research on the post harvest storsge of various crops including celery
has increased within the past two decades. Trestments or techniques involving
packaging materinls, cooling methods and chemicals have been reported in the
literature as affecting such celery quality factors aes decay, green color reten-
%ion, flavor, turgllity, crispness, pithiness and storage life, Very litile
information may be found on the affects of controlled atmosphere on celary.

Research coaducted by the US Naval Supply Research and Development Facility
in 1954 (1; demonstrated that celery in LSAT (moderate molsture vapor retention
cellophane) lined crates had a longer storege life than celery in unlined crates.
A series of studies on the effects of packaging and storage tempersture on celery
vere then conducted by the USDA under contract to the Navy (2). The results
shoved that celery kept longer at 320F. than at 380F. In addition, celery stored
vithout vrapping or bagging, or individually wvravped in peic .aent was vilted and
tough vhen removed from storage. Celery vhich had been stored in polysthylene
bags or liners retained crispness and tenderness without wilting. The original
green cclor of Pascal celery was retained for a longer period with the use of
polyethylene packaging. This was followed by a field test (3) conducted aboard

T




4 Navy supply ship. Bacterial soft rot was found to be the principal decay in
h5ch lined and unlined crates of celery. After 6 weeks storage at 360F., T9
parcent of the celery in polyethylene lined cratec remained edible compared with
T1 percent in unlined nrates.

A comparis.n was made of hydrocooling and vacuum cooling on celery quality
in 1962 (4). The method of precooling 4id not affect the quality of celery,
tut the use >f top-ice during the 8-day holding period improved turgidity
and salability. A relationship was established between pithine.s and moisture
1~ss in celery (5). The development of pithiness was associated with a decline
in fresh c»A /vy veight during storage.

La:oratory and field tests on lettuce, and laboratory tests on tomatoes
have heen conducted by NLABS, involving the extended period of time required
to ship and store fresh produce overseas (14, 15, 16, 17, 18). These tests
stowed that controlled atmosphere would result in significant improvements in
quality of lettuce auld tomatoes vith less loss due to decay. The findings on
reduction of decay in tomatoes agree wilh those published by the U.S. Depart-
ment of Agriculture (19). (Peaches and nectarines were also shown to have
longer storage life under controlled atmosphere than in air in this U.S. Depart-
ment of Agriculture study.)

Controlled atwmospheve studies (6) condncted with celery indicated that
oxygen levels between 1% and 5% can have a slight bemefit in extending shelf life.
Levels of oxygen below 1% were found to be harmful. Increased carbon dioxide
vas shown to reduce the quality of celery since injury beccme ~vvarent when sub-
sequent holding wvas in air. Where films of selsctivs gas permeability were
used (7), a modified atmosphere dsveloped eround the celery; the original, green
color of Pascal celery was retained for the longest period with non-perforated
polyethylene bags.

Although there i very little information in the literature on the effacts
cf ccntrolled atmosphere on celery, there is sbundant information oun the use of
controlled wuosohere for preventing quality dsgredation and decey in other
agricultural crops. Asparagus spears held in 5% to 10% cerbon dioxide had
better market quality and less soft rot (8) then when held in air. Cabbage wes
found to have better green color retenticn and flavor (9) at low levels of
¢aroon dioxide and oxygen, compared with air storage. Bananss (10) were found
%o ripen vithin 6 days in air; whereas, at lov levels of oxygen and ethylene
ripening vas delayed 12 days. Decay rates in lsmoos were found to be reduced
aft r 1 month storage in T% to 8% oxygen (11). Ajples (12) vere found to de
firmer . greener in color, and have less dscay and less scald vhen stored under
contivlled atmosphere. Benefits ranging from slight to major sttributedle to ti:
use of cootrolled atmosphere on 20 different vegstadle and 17 different fruit
types have been summarised in table form (13). Among the Lenefits listed are (a)




extens{~n of storage and transportation life, (b) inhibition of mold and decay,
and {c) retertin of green color and fresh flavor. It is possible that the
principles involved in using controlled atmosphere to prevent loss of quality
arnd decay in other agricultural commodities may also be effective with celery.

Research has been conducted on the effectas of controlled atmosphere on
the physiclogy assoclated with fruits and vegetables. The use of controlled
atmcsphere has resulted in a 28% to 366 reduction in the heat of respiration
of peas, sweet corn, lima beans and apples (20). With lettuce at L1°F. under
corntrolled atmosphere, the heat of respiration was reduced 50% (21). The
use of carbon monoxide as part of the controlled atmosphere system could
thesretically have an effect on the storage life of plant material by affecting
s me of the cxidizing enzymes ‘n plants. Cytochrome oxidase car conmplex with,
and O-diphenol oxidase is iractivated by carbon monoxide (22). Phenol oxidases
tave teen associated with the browning of fruit and may be involved in flavor
ctanges. An article (23) explaining the biological principles oa which con-
trolled atmosphere is based concludes with the following: "while atmosphere
¢ontrol is unlikely to replace refrigeration in the presarvation of perishable
produce, 1t will soon play an important part in its storage and transport
especially for those kinds sensitive to low temperatures”.

Methods and materials

The test plan was designed to determine the effect of controlled stmusphere
on the storage life of celery. This involved shipping celery by rsilcar from
the West Coast to tne Bast Coast, holding the celery at 38°F, with and without
centrelled atmosphere under simulated overseas shipping conditions, and then
transferring to a 38°F. chill box for an additional 2 to 5 weeks storage in
air.

Four different crops of celery from Californias were cbtained and stored
as shown in Table 1.

TABLE 1. KZY 7C OODING FQUR CELERY CROPS AND THEIR STORAGE PERIODE.

e e

ik SRR, T

NLABS Initial
Holding Period
Picking Time With or Without FLAAS ADDITIONAL
Celery Creyp Description Prior to NLABRS Contrclled Atmos- HOLDING PERIOD
Code and Packaging Procurement phere at 38OF. IN Ar at 380F.
(days) {weeks)
A Celery Naked Pack 16 3 b
B Celery Naked Pack 10 3 4
¢ Celery Rearte 10 3 4
Individuslly Wrapped
D Celery Individually 10 2 3
Wrapped




.54 N.n . Grade Celery defined in Federal Specifications HHH~(-191f, celery,
fr<gb was siipped by rall from Californias to Boaton. Celary crop A was shipped
cerrniesally 4o alr. Celery crops cede B, C & T were shipped under controllied
a‘m-spuere (2% oxyger, 2% carbon monoxide, 96% nitrogen). ™ arrivel at HIABS
e hixss of celery were randomly distributed among ( l) a8 low~exygen chest, and
.2V as air cheat (control), both set at 38°F.

The low-oxygen and *h= air chests are horizental refrigerated boxes 36 7/B
iavaes high, 48 1/2 inches long and 27 T/8 inches deep vith an internal storage
vyiume of 15.6 cuble Peet. These chests are thermostatically controlled and
each has a fan for air circulation. The low oxygen cheat has a transperent
Tiaatlic 1:d for sealing the cheet gas tight. This plastic 1id has inlet snd
sutlet parts for gas exchange.

Nitrogen was adnitted to produce a low-oxygen lsvel in the lov-oxygen
chest. Gas analyses were conducted on the low-oxygen chest at 48 to 66 hours
interyals Jhroughent the storage period. A Fisher Gas Partititioner Model
. Was used to detemmine the percentages of all gases present threughout
the 2 to 3 week controlled atmosphere period. Alr was sdded to the low-oxygen
chest as required at 48-t¢ 66-hour intervals to maintain the oxygen level within
a range ¢f 2% to 5%. Nitregen made up the difference, since carbon dioxids pro-
duced by respiration was scrubbed out with hydrated lime. At the end of the 2
to J-week storage period, the celery was removed from both the low-oxygen and
control air chests and placed in air in a conventional chill bex at 380F..

Quality evaluations vere made en the celery at periods ranging from 2 to
5 weeks later. Evelnation of the celery consisted of the following:

(a) Moisture loss - by weight as described ia reference (7).

(b) _Edible yield of celery - Removel of the butt, leaves, and other parts
«f celery considered t for table use due te dimscoloration or decey as
described in reference (2). The remaining poertion of the celery considered
it for table use waeg then weighed.

{¢) Salability - by rating, in terus of overall appearance and sbsence
~f decay pricr to trimming, en an arbitcary scale of 1 through 9 (9 = excgllent,
8 = very good, T = g00d, 6 = falr to good, 5 = fair, 4 = fair to poor, 3 = poor,
2 = very poor, 1 = unacceptable); which is equivalent to the method described in
reference (4).

(1) Turgldity - Stelk tirgidity was described by rating on a scele of 1
tirmgh 9 as defined above under salability; which is equivalent to the method
des~ri%ed in reference (4).

{¢) Flaver = A flavor pauel determing preference by rating paired samples
*f selery vhich had been triwmsed to remove parts and decay considered unfit for
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use, hedonically from 1 to 9 ( 9 = like extremely, 8 = like very much, 7 = like
mcderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike siightly,
3 = dislike moderately, 2 = dislike very mich, 1 = dislike extremely).

(£) Severity of leaf decay and stalk decay - by rating on a sesle of 1
through 5 { 1 = none, 2 = trace, 3 = slight, 4 = moderate, and 5 = severe),
83 described in reference {4).

(g) Color - Describing celery coior using the following methods:

(1) By visual examination using ea arbitrary rating scale of 1

through 5 (1 = dark green, 2 = green, 3 = yellow-green, & = green-yellow,
and 5 = yellow).

(2) A Color Eye tristimlus colorimeter with sbridged spectrophoto-
meter, and converting the reading into the Hunter system.

Results

Moisture loss. In all U4 celery crops there was less moleture loss in celery
vhich had been stored under low-oxygen compered with celery stored in air. This is
indicated by comparing the moisture losses at the time of xemoval of the celery
from the low-oxygen chest (fourth week after picking), Figure 1. The data further
show that under under refrigeraticn conditiona unwrapped celery lost as much as
14 to 18% moisture within an eight week period. Commercial wrapping of celery in

perfoi‘;ted rolyethylene reduced the amount of moisture lost in the same period to
3 to 4%,

Edible Yield Celery. In three of the four celery crops a significant reduce
tion in celery spoilage was observed with a resulting improvement in edible yield
(Table 2), when low-oxygen (controlled atmosphiere) was used for storage. The
principal spoilage observed in the stalks was a soft rot type similar to Bacterial

soft rot. The fourth crop (crop C) in which no difforence was obtained, was
celery hearts which had the least amount of spoilege in storage.

Celery Quality Factors. The celery was examined for various factors that
have a bearing on celery quality such as salability, turgidity, flavor, color
and decay. Average scores obtained by rating these factors and their sigpificance
are shown in Tables 3, 4, 5, end 6. In general, celery stored in low-oxygen was
more salable in terms of appearance and absence of decsy, gresner in color, more
turgid and kod a more intense celery flavor. An example of the greener color
difference as measured by the Color lye instrument with data converted to Hunter
Colorimever values is shown in Figure 2. Aversge measurements for the outer stalks
at specific time periods indicate the overall color of the celery in the package
prior to trimming. Average measurements for the inner and outer stslks indicate the col-
or of the trimmed ready-to-eat celery on the tsble. These measurements show that
the outer stalks for celery crops C and D of the low-oxygen stored celery were
greencr than those of alr stored celery, although little difference could be ob-

served by the time the celery wus trimmed and the inner and outer stalks were
mixed as if served at the table.
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Table 2. EFFECT OF LOW-OXYGEN AND AIR (CONTROL) STORAGE ON CELERY EDIBLE YIELD

Crop Stor Times
Code INITIAL* iplus) JDDITTIONAL*

Average Edible Yield of Celery

(see at 360F et 35F in When INITIAL Storage Wes: Signifi-
Table 12 : - Alr Low0 Conirol cance¥*

weeks weeks W’

L 21.3 plus 2 55.8 S

A § (¢ " 2 49.9

E(ig — P 504

L (¢) " by , 37.5 S+
B (L) " 2 4.9

B 4 (C " 2 — 66.2 S+
L b " T2.6

L (c " b 63.0 St
L {L} " 2 86.0

c L(c). " 2 84.5 NS
EE} - N 83,6

4 (¢) " 'y 82.5 NS
3 L; " 2 81.0

D 3 (C " 2 76.4 S+
3 §L - 5 80.6

3(c) " 5 5.1 St

A, B, C, D. Pooled Averages 73.1 66.9 S

# (L) = INITIAL storage period in Lov-Oxygen controlled atmosphere including shipping

period

(C) = INITIAL storage period in air (Control; including shipping period

ADDITIONAL storage period was in air

. Statistical ana!ysis ; St=Significant at 1% level, S= Significant at 5% level,

NS=Not Significant
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Discussion

Evidence has been developed that the use of low-oxygen controlled atmos-
prere for initially storing celery results in celery which is greener in color,
more turgid and of more intense celery flavor than silr storage. The U, S,

. Department of Agriculture (7) has previousiy shown that celery stored in poly-
ethylene bags or liners retained the original green color for a longer period,
was not wilted and reteined crigpness and tenderness, compared with a reduction
in these quality characteristics when celery was stored unwrapped or wrapped in
parchment. The retention of green color wes ascribed as a beneficial effect of
the modified atmosphere that develioped in the polyethylene bag. However the
lack of wilting, and retention of -crispness and tenderness were attributed to
high humidity within the polyethylene packages. In this same report, informa-
tion was developed which showed that trimming losses in celery wrapped in non-
perforated polyethylene bags were significantly lower than with unwrapped celery;
no significant trimming loss differences were found between celery wrapped in
perforated or non-perforated bags. The fact that the oxygen levels were much
lower in the non~perforated bags along with the laek of significant difference
in trimming losses in perforated bags may have lead the research workers to con-
clude that the modified atmosphere had little to do with the keeping quality of
celery in contrast to the highly beneficial erffects of high humidity within the
packages. An examination of ‘the data presented in this same report revealed that
there was little difference in waight loss between celery stored in non-perforated
polyethylene or perforated polyethylane bags. There was a difference in the at:

mosphere in the bags. The non-perforated polyethylene bag had an oxygen level
i . a* 38°F. approximately 1/2 that of air, and the perforated polyethylene bag had
: an oxygen level approximately equal to that in air. A reinterpretation of this
: data infers that since the weight losses on storage were about the same, the
S, relative humidity in and/or around the bags were about equal. Therefore, the
differences in trimming losses observed might lL:ave been due in part to modified
atmospheres. The date shown in Table 2 demonstrate that in three crops (crops
A, B ond D) a significant improvement in celery-edible yield resulted where
< storage was in controlled atmosphere. The improvement in edible yield was due to
s a reduction In spoilage with a re¢sulting reduction in trimming loss. The principal
spoilage reduced ~~s the soft rot type. A search of the literature has failed
tc show any previous rusearch vhere a statistically significant reduction in
spoilage was ascrided to coatrolled atmosphere. The effect of lov-oxygen atmcs-
phere on soft rot in celery is not conclusive and should be studied further. The
fourth crop was cslery hearts vhich had the least amount of spoilage. This could
have been due to either crop variadbility or an inherently longer shelf-life in
celery hearts. The data in this report shov that wrappred celery lost less mois-
ture than unvrapped celery. This confirms previous packaging studles (7) vhich
showed that the weight losses, principally through evaporation, of unwrapped or
perchment wrapped celery vere large enough to result in wilted celery.
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Previous reports on lettuce (15) and tomatoes (17) have shown that in
srder to defray the additional coat of a commercially available controlled at-
mosphere system such as TECTROL, a reduction in fresh produce loss of 1% to 5%
vas required. The cost analysis estimate (Table T) indicates that an liprove-
ment of 2.5% to 4.7% in celery yleld is required to defray the additional

cost of TECTROL controlled atmoapheres in refrigerated containers or rail

cars used for shipping celery. It further indicates that the additional

cost of TECTROL cortrolled atmosphere would be negligible compared with pro-
curement and shipping costs involved in shipping fresh produce.

A review of the literaturs has indicated that significant bepefits in terms
of improved quality, reduced decay and extendzd she..-life resulted vhere
controlled atmosphere was used for storing or shipping many fruits and vegetables.

It is corcluded that there is sufficient information to warrant a series

of rield tests on celery and other fresh fruits and vegetables shipped in commer-
cial controlled atmospbere containers to military organizations overseas.
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